ABSTRACT A study was undertaken to examine the effects of inulin, alone or in combination with enzyme complex (primarily xylanase and β-glucanase), on growth performance, ileal and cecal microflora, cecal short-chain fatty acids, and d-lactic acid and jejunal histomorphology of broiler chickens fed a wheat-and barley-based diet from 7 to 35 d of age. A total of 240 seven-day-old male Cobb broilers were allocated to 1 of 6 treatments, with 8 replicate pens per treatment and 5 birds per pen. The experiment consisted of a 3 × 2 factorial arrangement of the treatments with 3 concentrations of inulin (0, 10, or 20 g/kg of diet) and 2 concentrations of enzyme complex (0 or 100 mg/kg of diet). At the end of the experiment, 8 birds per treatment (one from each pen) were randomly chosen and slaughtered. Birds fed inulin-containing diets exhibited significantly (P = 0.043) improved final BW gain. Dietary inulin had a positive and significant (P < 0.002 to 0.009) effect on bifidobacteria and lactobacilli counts in both ileal and cecal contents and, to an extent, also altered the fermentation patterns in the ceca, increasing the concentration of n-butyric and d-lactic acids and the n-butyric acid:acetic acid ratio. Inulin inclusion had no effect on villus height and crypt depth or microvillus length, width, and density in the jejunum. Enzyme supplementation of the control diet and inulincontaining diets had no effect on many of the variables studied and only resulted in a decrease in crypt depth and an increase in villus height:crypt depth ratio in the jejunum.
INTRODUCTION
It is well known that the presence of soluble nonstarch polysaccharides (NSP), such as arabinoxylans and β-glucans, in wheat, barley, and rye grains can affect nutrient utilization adversely and decrease growth performance of broiler chickens. The antinutritive effects of soluble NSP are mainly attributable to an increased viscosity of digesta associated to higher levels of microbial populations in the intestinal tract. This results in reduced digestibility of nutrients, increased competition for nutrients, and changes in the structural morphology of the intestinal wall (Choct and Annison, 1992; Viveros et al., 1994; Philip et al., 1995; Parsaie et al., 2007) .
The addition of appropriate exogenous enzymes (xylanases and β-glucanases) to broiler diets based on wheat or barley, or both, has been shown to reduce intestinal viscosity and improve nutrient digestibility and performance (Bedford and Schulze, 1998; Ouhida et al., 2000; Meng et al., 2005) . The bioefficacy of exogenous enzymes can be improved when enzymes are added in combination with antibiotic growth promoters (AGP), particularly to overcome the detrimental effects of NSP hydrolysis products derived from the increased bacterial activity in the small intestine (Vranjes and Wenk, 1995; Esteve-García et al., 1997; Parsaie et al., 2007) . However, the use of AGP is banned in the European Union member countries, and for this reason, one possible alternative to AGP might be found in the use of certain prebiotics such as inulin.
Inulin, generally extracted from chicory roots (Cichorium intybus L.), is a mixture of linear polymers and oligomers of fructose linked by a β(2-1) glycosidic linkage often with a glucose terminal unit (Roberfroid et al., 1998) . Because of the configuration of its β-linkage between fructose monomers, inulin-type fructans [inulin and fructooligosaccharides (FOS)] resist the breakdown by digestive enzymes. Findings concerning the use of inulin-type fructans in poultry feeding suggest that they may stimulate the growth or activity, or both, of beneficial intestinal bacteria (bidifobacteria and lactobacilli) and prevent colonization by pathogenic bacteria (Bailey et al., 1991; Waldroup et al., 1993; Xu et al., 2003) . In addition, it has also been suggested that feeding inulin and FOS to broilers may increase the absorption of nutrients by improving the intestinal mucosal structure, by, for example, increasing villus height (Xu et al., 2003; Pelicano et al., 2005; Rehman et al., 2007) .
To our knowledge, no studies have been carried out to investigate the response of broiler chickens to inclusion of inulin, alone or in combination with exogenous enzymes, in NSP rich-diets. Therefore, the objective of the current study was to examine the effects of inulin, individually or in combination with enzyme complex (xylanase and β-glucanase), on growth performance, ileal and cecal microflora, cecal fermentation characteristics [short-chain fatty acids (SCFA), d-lactic acid, and pH], and jejunal histomorphology in broiler chickens fed a wheat-and barley-based diet.
MATERIALS AND METHODS

Animal Ethics
Birds were handled according to the principles for the care of animals in experimentation established by the Spanish Royal Decree 1201 Decree /2005 Decree (2005 . The animal use protocol was reviewed and approved by the Animal Ethics Committee of the Universidad Complutense de Madrid.
Test Substances
The inulin used in the present study was a commercial product (Prebiofeed, Qualivet, Las Rozas, Spain) obtained from chicory roots. The analytical results (g/ kg) obtained for this product in our laboratory were the following: moisture, 49.1; CP, 11.3; free glucose, 44.2; free fructose, 39.0; sucrose, 63.2; inulin-type fructans, 746.0; and ash, 1.4.
The crude enzyme preparation (referred to as enzyme) was a commercial multi-enzyme complex (Roxazyme G2 G) supplied by DSM Nutritional Products Iberia (Alcalá de Henares, Spain). Roxazyme G2 G contains a minimum of 8,000 U/g of endo-1,4-β-glucanase (EC 3.2.1.4), a minimum of 18,000 U/g of endo-1,3(4)-β-glucanase (EC 3.2.1.6), and a minimum of 26,000 U/g of endo-1,4-β-xylanase (EC 3.2.1.8) activities.
Birds, Diets, and Management
One-day-old male Cobb broilers were obtained from a commercial hatchery (Cobb Española S.A., Alcalá de Henares, Spain), housed in thermostatically controlled starter battery brooders, exposed to fluorescent light for 23 h/d, and fed a commercial starter diet for a 6-d preexperimental period. On d 7, a total of 240 chicks were individually weighed and allocated to 1 of 6 treatments, with 8 replicate pens per treatment and 5 birds per pen. On d 22, birds were transferred to finishing battery brooders. Feed and water were provided ad libitum. Individual BW gain and group feed intakes were recorded at 21 d of age and at the end of the trial (35 d).
The experiment consisted of a 3 × 2 factorial arrangement of the treatments with 3 concentrations of inulin (0, 10, or 20 g/kg of diet) and 2 concentrations of supplemental enzyme (0 or 100 mg/kg of diet). Because the source of inulin was a commercial product containing 746.0 g of inulin/kg of product, 13.4 and 26.8 g of product/kg of diet were added to the basal diet at expense of cellulose to include 10 and 20 g of inulin/kg of diet, respectively. The control basal diet (Table 1) was a wheat-and barley-based diet formulated to be adequate in all nutrients (NRC, 1994) and was prepared in mash form. Analyzed composition of wheat and barley used is shown in Table 2 . 
Collection of Samples
At the end of the feeding trial (d 35), 8 birds per treatment (1 bird from each pen) were slaughtered by CO 2 asphyxiation. The intestinal tract was immediately excised and the following segments were collected: jejunum (from the entrance of bile ducts to Meckel's diverticulum), ileum (from Meckel's diverticulum to the ileocecal junction), and ceca (left and right). The ileum and both ceca were opened longitudinally by a pair of sterile scissors, and digesta samples (1 g) were collected immediately in sterile bags and put on ice to be transported to the laboratory for enumeration of the populations of bifidobacteria and lactobacilli. In addition, samples from cecal digesta (2 g) were also taken for pH measurement and for analysis of SCFA and d-lactic acid. The latter samples were stored in a freezer at −80°C until used. The jejunal segments were used for histological analysis; they were opened longitudinally and washed with physiological saline solution. Then, tissue samples were taken from the middle part of the jejunum to be examined by light microscopy, transmission electron microscopy, and scanning electron microscopy at the Centro de Microscopía de la Universidad Complutense de Madrid.
Microbial Analysis
Samples of 1 g of ileal and cecal (mixture of both ceca) contents were blended each in 9 mL of sterilized physiological saline solution and homogenized using a bag mixer (IUL Instruments S.A., Barcelona, Spain). Subsequently, these suspensions were serially diluted from 10 −1 to 10 −6 using sterilized physiological saline solution. Duplicate plates per bird sample were inoculated with 100 μL of suspension and anaerobically incubated at 37°C. The plate media used for bifidobacteria and lactobacilli were RCA (Oxoid Ltd., Basingstoke, UK) plus supplements (Muñoa and Pares, 1988) and Lactobacilli MRS agar (Difco Laboratories, Francisco Soria Melguizo S.A., Madrid, Spain) (Biggs and Parsons, 2008) , respectively. Numbers of colony-forming units from duplicate plates per bird sample were averaged, and results were expressed as log colony-forming units per gram of intestinal content.
Gut Histomorphology
The jejunal samples for light microscopy examination (pieces about 5 cm in length) were placed in 10% formaline in 0.1 M phosphate buffer (pH = 7.0) for fixation, where they were gently shaken to remove any adherent intestinal content. The processing consisted of serial dehydration in graded ethanol solutions (50, 70, 80, 96, and 100%) , clearing with xylene and embedding in paraffin (AFIP, 1968) . Tissue samples were then sectioned using a microtome at a thickness of 5 μm (3 cross sections from each sample), placed on glass slides, and stained with hematoxylin and eosin. Histological sections were examined with an Axioplan-2 optical microscope (Carl Zeiss Jena GmbH, Jena, Germany) coupled with a refrigerated QImaging Retiga 4000R digital camera (QImaging, Surrey, British Columbia, Canada) with a charge-coupled device detector. The images were analyzed using image software (MetaMorph Imaging System, Molecular Devices Ltd., Sunnyvale, CA). Villus height (μm) was measured (120 to 150 well-oriented villus crypt units per treatment) from the tip of the villus to the villus crypt junction, and crypt depth was defined as the depth of the invagination between adjacent villi.
For transmission electron microscopy, 2 pieces of approximately 4 mm 2 were also taken from the middle part of each jejunal segment. Tissue samples were fixed in 2.5% glutaraldehyde in phosphate buffer (pH 7.4) at 4°C for 4 h and postfixed in a mixture (1:1 vol/vol) for 2 h of 1% osmium tetraoxide and 3% potassium ferrocyanide giving a final concentration of 0.5 and 1.5%, respectively. Then, the fixed samples were washed in the phosphate buffer and dehydrated in graded acetone solutions (30, 50, 70, 80, 90, 95, and 100%) . Later, they were infiltrated with 30, 50, and 70% ethanol-Epon 812 resin (Electron Microscopy Science, Hatfield, PA) at room temperature for 2 h and embedded in Epon 812 resin in an oven at 65°C for 72 h for polymerization (Hayat, 2000) . Blocks of tissue were cut at the microtome (0.5 μm of thickness), stained with toluidine blue, and areas from ultra-thin cuts were chosen. Ultra-thin sections (60 nm) were stained with uranyl acetate and lead citrate (Reynolds, 1963) and examined in a Jeol 1010 transmission electron microscope (Jeol GmbH, Eching, Germany) at 80 kV. Images were captured with a Megaview 2 camera (Olympus Life Science Europe GmbH, Hamburg, Germany). After midvillus regions were found, micrographs of the brush border were taken at 20,000 × magnification, and microvillus length (μm), width (μm), and density (microvillus number/ μm 2 ) were measured. The amplification factor of microvilli (AFM), a ratio by which microvilli increase the absorptive surface area (Ferrer et al., 1995) , was calculated according to the following equation: AFM = π × l × w × D + 1, where l = microvillus length; w = microvillus width; and D = microvillus density. A total of 10 well-oriented longitudinal microvilli were measured in 10 fields per bird (100 measurements for each sample and 800 per dietary treatment).
For scanning electron microscopy, fixed jejunal tissue samples were washed in 0.1 M phosphate buffer (pH = 7.0), dehydrated with graded acetone solutions (30, 50, 70, 80, 90, 95, and 100%) , dried with CO 2 in a critical point drying apparatus, and then assembled and metalized with gold. Samples were examined in a Jeol JSM 6400 scanning electron microscope (Jeol GmbH) at 15 kW and micrographs were made.
Chemical Analysis
Dry matter, CP, crude fat, and ash of wheat and barley samples were determined by standard procedures (AOAC, 1995) . Neutral detergent fiber was quantified by the method of Van Soest et al. (1991) . The content of β-glucan was measured by enzymatic hydrolysis using the Megazyme kit assay, procedure K-BGLU 04/06 (Megazyme International Ireland Ltd., Co. Wicklow, Ireland). The amount of glucose released by lichenase and β-glucosidase enzymes was measured colorimetrically according to the manufacturer. Arabinoxylans were quantified using the Megazyme kit assay, procedure K-XYLOSE 03/07 (Megazyme International Ireland Ltd.), based on oxidation of β-xylose to d-xylonic by NAD + and the NADH formed measured colorimetrically according to the manufacturer. Arabinoxylan content was calculated from the d-xylose amount, considering that the d-xylose content for wheat flour arabinoxylans is 62%.
The pH of cecal digesta was measured on fresh samples (0.5 g) diluted with 5 mL of deionized water and using a combined glass-reference microelectrode (Crison Instruments S.A., Barcelona, Spain). Frozen samples from cecal digesta were also measured for SCFA concentration by gas chromatography and for d-lactic acid concentration by enzymatic method. About 1 g of thawed digesta was mixed with 0.2 mL of 24% metaphosphoric acid solution, diluted with deionized water (4 mL), and centrifuged at 25,000 × g for 20 min at 4°C. The supernatants were analyzed to determine the concentrations of acetic, propionic, and n-butyric acids using a Varian CP-3800 gas chromatograph (Varian Analytical Instruments, Middelburg, the Netherlands), equipped with a 30 m × 0.53 mm i.d. column (Teknokroma TRB-FFAP, Barcelona, Spain) and a flame ionization detector. The temperature of the column was 110°C and that of the detector and injector was 250°C. Nitrogen was used as the carrier gas with a flow rate of 60 mL/min. The internal standard used was 4-methyl-n-valeric acid. For d-lactic acid analysis, 1 g of fresh cecal digesta was mixed with 70 mL of distilled water and heated at 60°C for 20 min. d-Lactic acid was determined following the Megazyme kit assay procedure K-DATE 05/05 (Megazyme International Ireland Ltd.), based on the colorimetric measurement of the amount of NADH formed after 2 enzymatic reactions using lactate dehydrogenase and glutamate-pyruvate transaminase according to the manufacturer.
Statistical Analysis
Base SAS software (SAS Institute, 2001 ) was used to perform the statistical analysis of data obtained in the current study. Data derived from experiment were analyzed by a 2-factor ANOVA arrangement of treatments (3 inulin levels and 2 enzyme levels). Performance data were analyzed considering the pen of birds as the experimental unit. Significant differences among means were determined by Duncan's multiple range test.
RESULTS
Growth Performance
Birds were in good health throughout the entire experimental period. Mortality was lower than 3%. Performance data for broiler chickens at 21 and 35 d of age are summarized in Table 3 . The inclusion of inulin in the control diet had a positive effect on the BW gain of birds. In the first period (7 to 21 d), birds receiving the inulin-containing diets (10 and 20 g of inulin/kg) had greater (P = 0.023) BW gain than those offered the control diet. In the total period (7 to 35 d), BW gain was also increased (P = 0.043) by the inclusion of inulin at 10 g/kg. There was no improvement in the feed conversion ratio in any case. Enzyme supplementation to the control diet and the inulin-containing diets had no significant effect (P = 0.151 to 0.884) on the performance parameters.
Intestinal Microbial Enumeration
The results of bifidobacteria and lactobacilli counts determined in the ileal and cecal digesta appear in Table 4. Counts of bifidobacteria and lactobacilli were significantly affected by the presence of inulin in the diet. At the level of 20 g/kg, inulin increased (P = 0.002 to 0.009) the populations of bifidobacteria and lactobacilli in the ileum and in the ceca compared with the control group. At the level of 10 g of inulin/kg, viable counts of lactobacilli in the ceca were also significantly higher than in control group. The addition of enzyme to diets had no effect (P = 0.083 to 0.540) on the ileal and cecal bifidobacteria and lactobacilli populations.
Cecal Concentrations of SCFA and d-Lactic
Acid and pH Value
The concentrations of SCFA (acetic, propionic, and nbutyric acids) and d-lactic acid in the cecal digesta are shown in Table 5 . There were no significant differences (P = 0.495) among treatment groups regarding the total concentration of SCFA. However, the dietary inclusion of inulin at 10 or 20 g/kg significantly increased (P = 0.018) the levels of n-butyric acid (18.1 and 18.3 μmol/g of cecal digesta, respectively) compared with the control group (14.5 μmol/g of cecal digesta). The nbutyric acid:total SCFA molar ratio and the n-butyric acid:acetic acid molar ratio were also higher (P = 0.039 and 0.035, respectively) in birds fed the inulin-containing diets in comparison with the control group birds. The concentration of d-lactic acid was about 3.5 times higher (P < 0.001) in the ceca of birds fed 20 g/kg of inulin-containing diet than in those fed the control diet. Changes in the pH value of cecal digesta were not de-tected (P = 0.562). Data from Table 5 also show that the addition of xylanase and β-glucanase to diets had no significant (P = 0.062 to 0.625) effect on cecal SCFA and d-lactic acid concentrations and on cecal pH. Tables 6 and 7 show the results of the jejunal histomorphology measured in broilers at 35 d of age. In Table 3 . Effects of dietary treatment on BW gain (BWG), feed intake (FI), and feed conversion ratio (FCR) Means in the same column with different superscripts are significantly different (P < 0.05). 1 Data are means of 8 birds (1 bird from each pen). comparison with the control basal diet, the inclusion of inulin had no effect (P = 0.063 to 0.880) on villus height and crypt depth or microvillus length, width, density, and amplification factor (Figure 1) . A significant increase (P = 0.016) in the villus height:crypt depth ratio could be observed in the group receiving the diet containing 10 g of inulin/kg. Enzyme supplementation to diets did not affect (P = 0.976) the villus height but decreased (P < 0.001) the crypt depth and increased (P < 0.001) the villus height:crypt depth ratio. No signifi- cant differences (P = 0.358 to 0.871) in length, width, density, and amplification factor of microvilli were detected by the inclusion of exogenous enzymes.
Jejunal Histomorphology
DISCUSSION
Studies carried out on the effects of dietary inulin or FOS on growth performance of the broilers show conflicting results. Ammerman et al. (1989) reported that 3.75 g of FOS/kg of diet increased BW gain of chickens. Yusrizal and Chen (2003) observed that inulin or FOS at 10 g/kg of diet improved BW gain and feed:gain ratio in female but not in male broiler chickens. Xu et al. (2003) also observed improvements in BW gain when 4 g/kg of FOS was added to the basal diet. In contrast with these findings, Waldroup et al. (1993) and Williams et al. (2008) using FOS at inclusion of 3.7 and 0.6 g/kg of diet, respectively, Biggs et al. (2007) using inulin or FOS at concentrations of 4 and 8 g/kg, and Rehman et al. (2007 Rehman et al. ( , 2008 including inulin at 10 g/ kg of diet observed no positive effect on broiler growth performance. In the current study, the concentration of inulin at levels of 10 and 20 g/kg in a wheat-and barley-based diet had a beneficial effect on BW gain of the broilers. In whole, these apparent contradictory responses of chickens to inulin-type fructans might be explained because the effectiveness of inulin or FOS in broiler feeding depends on many factors. Variables such as concentration, diet type, animal characteristics, hygiene husbandry, and environmental stress can influence the response to inulin or FOS in broiler feeding (Patterson and Burkholder, 2003; Verdonk et al., 2005) . Performance data from the current study also revealed that the addition of an enzyme complex (xylanase and β-glucanase) to the wheat-and barley-based diets with or without inulin did not lead to any improvement in performance of the broilers. This lack of response in bird performance to dietary enzyme addition was unexpected. However, it agrees with the findings of other researchers (Yasar and Forbes, 1997; Choct et al., 1999; McCracken and Bedford, 2001) , who reported either no response or a negative response to the effects of xylanases on broiler performance. According to Preston et al. (2000) and McCracken and Bedford (2001) , factors such as diet composition and diet form could affect the performance response of broilers to enzyme supplementation. Differences in responses might also be due to the intrinsic properties of enzyme product or to the conditions under which the experiment was carried out (Biggs et al., 2007) .
It is accepted that the main direct beneficial effect attributable to prebiotics is to induce changes in the intestinal microflora by selective stimulation of healthpromoting bacteria . Indigenous bifidobacteria and lactobacilli are considered beneficial bacteria because they can positively contribute to improve intestinal microbial balance through a reduction in the establishment of pathogenic species in the intestine and ultimately to enhance host health (Gibson and Roberfroid, 1995; Patterson and Burkholder, 2003) . In agreement with previous research (Rada et al., 2001) , the results from the current study demonstrated that inulin can have a stimulatory effect on growth of bifidobacteria and lactobacilli in the gastrointestinal tract of broilers. Inulin at 20 g/kg of diet increased the number of bifidobacteria and lactobacilli in the distal part of the small intestine and in the ceca. At a lower level (10 g/kg of diet), inulin increased the populations of lactobacilli in the ceca as compared with the control group. In contrast with these findings, other researchers have observed little or no effect of inulin on the intestinal microbiota in broilers (Yusrizal and Chen, 2003; Biggs and Parsons, 2005; Rehman et al., 2008) . Similar factors to those named above for performance response may explain the inconsistent effects of inulin on intestinal beneficial bacteria. Contrary to these effects, no significant differences for counts of bifidobacteria and lactobacilli were detected in the current study with the addition of enzyme to the experimental diets with or without inulin. This agrees with the findings of Mathlouthi et al. (2002) , who reported that xylanase and β-glucanase supplementation to a wheat-and barley-based diet reduced the counts of total facultative anaerobic bacteria and Escherichia coli in the ceca but had no effect on the number of lactobacilli.
The increase in the cecal number of bifidobacteria and lactobacilli by the effect of the dietary inulin caused neither an increase in the concentration of total SCFA (acetic plus propionic and n-butyric acids) nor a decrease in the pH of digesta. However, the results suggest that dietary inulin altered the fermentation patterns of cecal content as evidenced by the significant increase in the concentration of n-butyric acid and the n-butyric acid:acetic acid molar ratio in parallel with the increase in the concentration of d-lactic acid. This positive effect of inulin on the content of n-butyric acid in the cecal digesta was also observed by Rehman et al. (2007 Rehman et al. ( , 2008 . According to Campbell et al. (1997) , a greater production and concentration of n-butyrate, the preferred energy source of colonocytes, may result in a trophic effect within the intestinal tract. The nbutyrate provides energy for the growth of mucosal epithelium (Topping and Clifton, 2001 ) and can be involved directly or indirectly in various mechanisms regulating cellular differentiation, intestinal permeability, and gene expression (Mroz et al., 2005) . On the other hand, the greater production of d-lactic acid in the ceca of inulin-fed birds as compared with the control group did not result in a lowered pH. This lack of an apparent decrease in the cecal pH could be due to the buffering capacity of the gut content of to the presence of other dietary components, for example, calcium (Younes et al., 1996) , or both. Enzyme supplementation had no effect on the concentrations of SCFA and d-lactic acid in the cecal content. This is consistent with the findings of Józefiak et al. (2007) , who reported that xylanase supplementation to a wheat-based diet did not affect the concentration of cecal SCFA and d-lactic acid. In contrast, Choct et al. (1999) observed a significant increase in the concentration of SCFA in the cecal content of chickens when xylanase was added to a low-ME wheat-based diet. Similarly, Wang et al. (2005) reported a significant linear increase (P < 0.01) in the cecal SCFA of birds at 21 and 42 d when increasing levels of xylanase and β-glucanase were added to a wheat-based diet. In our opinion, this apparent discrepancy in the results might be partially attributable to differences in the concentration or type of wheat used in diets.
Changes in the intestinal microflora of chickens can alter the mucosal structure and result in a decrease of nutrient absorptive capacity. Shorter villi have been associated with the presence of toxins (Awad et al., 2006) and deeper crypts as an indicator of faster turnover to permit renewal of villi as needed in response to normal sloughing or inflammation from pathogenic bacteria and their toxins (Yason et al., 1987) . Faster tissue turnover will increase the energy and protein requirements for gut maintenance and, consequently, will lower the animal efficiency (Xu et al., 2003) . Our results indicate that dietary inulin had little effect on jejunal histomorphology. Only an increase in the ratio of villus height to crypt depth was detected in the birds fed inulin at a level of 10 g/kg of diet, and it was due to numerically greater villus height and numerically lower crypt depth compared with the control birds. The morphological aspect of villi was similar to that reported by other researchers (Yamauchi and Isshiki, 1991; Pelicano et al., 2005) . Villi showed a zig-zag arrangement, resembling a wave (Figure 2 ). According to Yamauchi and Isshiki (1991) , villi organized in this way would be more effective for nutrient absorption than being aligned in parallel to each other or randomly because it promotes a longer contact between ingesta and intestinal mucosal epithelium. The lack of inulin effect on villus height and microvillus length, width, and density seems to suggest that the positive effect on BW gain caused by inulin was not related to an increase in the jejunal absorptive surface area. In contrast with this finding, Rehman et al. (2007) reported that adding inulin (10 g/kg) to a maize-and wheat-based diet resulted in longer jejunal villi (P < 0.05) and Xu et al. (2003) , using FOS, observed an increase (P < 0.05) in the jejunal microvillus length of broilers fed a maize-based diet. On the other hand, data from the current study also showed that the addition of xylanase and β-glucanase to the diets had no effect on the villi and microvilli measurements, although it decreased the depth of crypts. This is consistent with the reports of Wu et al. (2004) and Parsaie et al. (2007) , who found that xylanase supplementation of a wheat-based diet had no effect on villus height but decreased crypt depth in the jejunum of broilers.
In summary, inclusion of inulin in a wheat-and barley-based diet improved BW gain of broilers. Inulin had a stimulatory effect on intestinal populations of bifidobacteria and lactobacilli and partially altered the fermentation patterns in the ceca, increasing the concentrations of n-butyric and d-lactic acids and the nbutyric acid:acetic acid ratio. Histomorphological data for jejunal samples showed that the inulin concentrations tested were unable to increase the jejunal absorptive surface area, measured in terms of villus height and microvillus length, width, and density. Dietary enzyme inclusion (primarily xylanase and β-glucanase), alone or in combination with inulin, had no significant effect on the variables studied, with the only exception that decreased crypt depth and increased villus height:crypt depth ratio in the jejunum.
